Resveratrol may function as a cancer chemopreventive agent. However, few data are available on the antitumoral activities of its dimer, ε-viniferin, also present in human diet. So, the effects of resveratrol, ε-viniferin, of their acetylated forms (resveratrol triacetate, ε-viniferin pentaacetate) and of vineatrol (a wine grape extract) were compared on human adenocarcinoma colon cells. Resveratrol and resveratrol triacetate inhibit cell proliferation and arrest cell cycle. ε-viniferin and ε-viniferin pentaacetate slightly reduce cell proliferation.
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Introduction
Dietary polyphenols are of great interest due to their antioxidative and anticarcinogenic activities. Indeed, polyphenols are considered chemopreventive agents since they exhibit pharmacological or natural agents to promote the arrest or the regression of cancer process.
The impetus sparking of this scientific inquiry was the result of many epidemiologic studies that showed protective effects of plant-based diets on cardiovascular disease and cancer.
Among these bioactive compounds, several epidemiological studies [1] revealed that resveratrol may be one of the main wine microcomponents responsible for health benefits.
Indeed, resveratrol (trans-3,4',5-trihydroxystilbene) can prevent important pathologies, i.e, vascular diseases, cancers or neurodegenerative processes (see for review [2, 3] ). We previously showed that trans-resveratrol, as a chemopreventive agent in colon and other carcinomas, offering renewed interest in grape products and dietary supplements [4, 5] . One of the major effect of resveratrol could be related to its ability to arrest cell cycle progression [4, 6] and/or to trigger tumor cell death by apoptosis [5, 7] . In addition, they are compelling evidences that resveratrol could acts as a chemosensitizer agents with various drugs [8] or cytokines [9] . Nevertheless, its association with other polyphenols must also be considered, since several reports indicated that trans-resveratrol-driven inhibition of cell proliferation is synergized by other polyphenols such as quercetin. Moreover, it was previously reported that a vineatrol preparation, mainly containing two phytochemicals (resveratrol and ε-viniferin ), exhibits a greater antiproliferative effect that resveratrol [10] . Several epidemiological studies (in particular [1] ) revealed that resveratrol may be one of the main wine microcomponents responsible for the health benefits (i.e. against vaso-coronary diseases and cancer mortality) in the case of moderate wine consumption. The resveratrol does not seem to be the only bioactive compound present in the wine, its oligomers seem to play an important part. It is thus important to evaluate the biological effects of these molecules in particular on cancerous cell lines. In addition, the existence of acetylated phenolic compounds in natural sources is also established, such as acetylated glycosides of flavonoids [11, 12] and resveratrol [13, 14] have been found in plants. These data provide evidence about the existence of acetyl groups in naturally occurring compounds. On the other hand, although the use of phenolic compounds in pharmaceuticals as well as in food preparations is very promising, limitations occur with regard to their weak solubility and stability in a lipophilic environment. The existence of lipophilic derivatives of polyphenols and flavonoids via esterification of the hydroxyl functions with aliphatic molecules can be used as a tool to increase their lipophilicity and therefore improve their intestinal absorption and cell permeability of the compounds [15] . Moreover, structural modification of natural phenolics is expected to produce analogues that may be useful tools to study the structure-activity relationships.
In the present study, we show the potential interest of vineatrol preparation (containing 16 % trans-resveratrol and 20 % ε-viniferin) as an alterative source of resveratrol on human colon adenocarcinoma cells SW480. We compared the effects of trans-resveratrol obtained from chemical synthesis to trans-resveratrol obtained from vine shots, acetylated form of transresveratrol (trans-resveratrol triacetate), ε-viniferin, ε-viniferin pentaacetate and to the vineatrol preparation. We used the resveratrol at 30µM, concentration for which we have previously showed that this polyphenol could cause an inhibition of the colon cancer cells proliferation with a blocking in the S phase of the cell cycle [4] . We also showed that this S phase arrest is accompanied by the induction of an apoptosis process in these cancerous cells [5, 9] . The oligomers of resveratrol such as viniferin, was also able to block the proliferation of several tumoral cell lines (e.g. leukaemic cells HL60 or human breast cancer cells) to a concentration of 25 µM by an action on the cell cycle [16] [17] [18] . So, as to be able to compare the antiproliferative activities and their action on the cell cycle of trans-resveratrol analogues by report/ratio with the resveratrol, we chose to compare them compared to an effective concentration of 30 µM of resveratrol. We demonstrate that resveratrol obtained from the two methods, exerts similar antiproliferative and cell cycle arrest activities on colon cancer cells SW480. In contrast, we show that the oligomer of resveratrol, ε-viniferin, has only a slight effect on cell proliferation but might protect from cell degenerescence. Interestingly, the triacetate form of resveratrol has similar effect than resveratrol. This acetylation could present a great interest to increase the resveratrol absorption without loss of activities same manner as the acetylation of catechins [19] . Indeed, the acetylation of epigallocatechin-3-gallate increases the bioavailability of epigallocatechin in vivo and enhance in vitro his bioactivity [19] . In contrast to resveratrol triacetate, the acetylated form of ε-viniferin exhibit only modest activity on cell proliferation. Moreover, we report that the oligomers of resveratrol and vineatrol preparation were able to involve a pitfall in the colorimetric proliferation MTT test as reported previously with resveratrol on leukemia cells [20] . Although the vineatrol preparation induces a slight increase of MTT-reducing activity due to a direct reduction process, we demonstrate for the first time that vineatrol is able to inhibit proliferation of the human colon adenocarcinoma cell line SW480 and causes cell cycle arrest predominantly at S phase correlated with an increase of DNA replication. Further investigations will reveal if these effects are mainly due to resveratrol and would identify the vineatrol cell cycle targets for new therapeutic strategies. were quantified by three different methods: i) trypan blue exclusion test which is based on the ability of a viable cell with an intact membrane to exclude the dye trypan blue by using a haemocytometer in microscopic counting, ii) Coulter counter allowing to evaluate the total number of cell, and iii) colorimetric methylthiazol tetrazolium (MTT) assay. This last method is based upon the ability of the cells to reduce a tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoilum bromide, and to form a blue formazan product by a mitochondrial enzyme, succinate deshydrogenase (SDH) [21] . Therefore, the quantitative colorimetric MTT assay has been widely used to evaluate the effects of drugs on cell growth [22] . After MTT addition (0.5 mg/ml), the plates were incubated for 3 h. At the end of the incubation period the medium was removed and the converted dye was solubilized with acidic isopropanol (0.1 N HCl in absolute isopropanol). Absorbance was measured at a wavelength of 570 nm.
Materials and methods

Cell line
Results were expressed as percentage of control values.
Apoptosis identification
Apoptosis was identified by staining the nuclear chromatin of trypsinized cells with 1 µg/ml
Hoechst 33342 (Sigma-Aldrich) for 15 min at 37°C. The percentage of apoptotic cells was determined by analyzing 300 cells.
Flow cytometric determination of cellular permeability with propidium iodide
SW480 cells plated in 24-well plates were cultured for 48 h in the absence or in the presence of polyphenolic compounds. At the end of the incubation time, cells were stained with propidium iodide (PI) which enters cells with permeable plasmic membrane, and stains dead cells only [23] . Fluorescence of PI was collected by using a 590/10 nm bandpass filter and measured on a logarithmic scale. Flow cytometric analyses were performed on Galaxy flow cytometer (Partec, Münster, Germany). Ten thousand cells were acquired for each sample.
Data were analyzed with FlowMax software (Partec).
Flow cytometric analysis of cell cycle
Cells were seeded 24 h before treatment into 25 cm 2 flasks. After treatment, the detached and adherent cells were pooled, fixed with ethanol, and stained with PI as previously described [4] for subsequent analyses with a CyFlow Green flow cytometer and the fluorescence of PI was 
Statistical analysis
The experiments were repeated at least three times. The data were expressed as the mean ± S.D. (n=6) of three independent experiments. The significance of differences was established with the Student's test.
Results
Colon cancer cell growth inhibition
SW480 colon carcinoma cells were exposed to polyphenol compounds ( containing 5 µM of trans-resveratrol equivalent and 4 µM of ε-viniferin ( Fig 1B) . As revealed by the growth curves (Fig 1B) , these compounds have different antiproliferative activities.
Indeed, Rs, Ra and R3A at the same concentration (30µM) produced a strong inhibition of cell growth of the cancer cells in time-dependent manner with a complete growth arrest after 24 h of treatment (Fig. 1B) . The percentages of proliferation inhibition induce by the three compounds are 85%, 87% and 80% respectively. The Coulter-counter confirmed the results obtained and show that these compounds exert at 48h of treatment a dose-dependent cell growth inhibition (Fig.1C) . A second group of compounds was characterized by a slight antiproliferative activity (Fig.1B) . It appeared that the SW480 cells exposed to εV and εV5A at 30 µM grew similarly to the control, but at a reduced growth rate and the percentage of cell inhibition is also low with the increase of the concentration (Fig. 1C) . The treatment of SW480 cells with Vinea5 showed a similar cell proliferation inhibition to εV and εV5A (Fig.   1B ). In fact, vineatrol preparation exerts an antiproliferative activity in a dose-and timedependent manner (Fig. 1C, 1D ). The treatment starting with Vinea20 already gave a significant inhibition of cell proliferation (76 %) after 72h. At a higher concentration, Vinea50
was toxic leading to a decrease of the cell number (Fig. 1D) . The dose-dependent antiproliferative effect induced by Rs, Ra, R3A and Vinea was associated with an increase of cell death in dose-dependent manner (Fig. 1E) . Indeed, SW480 cells shown an enhancement of cellular permeability with PI after treatment with high concentrations (60 µM) of Rs, Ra, R3A and Vinea, whereas it is not the case with εV and εV5A (Fig; 1E ). That's why, we used for the following experiments a non toxic concentration of 30 µM for the polyphenolic compounds. At this concentration, the proliferation inhibition was due to specific effect of compound and no due to their cytotoxic effect. The dose-dependent proliferation inhibition was confirmed by the colorimetric proliferation MTT test. Indeed, it appeared after the incubation with Rs, Ra, a similar decrease of the cell survivals percentage in a time-and dosedependent manner (Fig. 2A) . The percentage of survival cells curves of R3A showed similar profile excepted at 96 h of treatment with the lower concentration range where the acetate compound exerts an increase of the blue formazan product. Similar results were obtained with the vineatrol preparation ( Fig. 2A) . The oligomeric polyphenols, εV present no inhibition of proliferation and stimulated the production of the blue formazan like as εV5A (Fig. 2A) . In previous study, Bernhard et al. [20] have been shown that trans-resveratrol was able to enhanced MTT-reducing activity under growth inhibition in leukaemia cells. This observation
was not due to a direct reduction of MTT by resveratrol but appeared to be dependent on the cell type [20] . So, here we also tested if R3A, εV, εV5A and Vinea were able to directly reduce MTT in the absence of cells as compared to vitamin C used as control. We observed that R3A, εV and εV5A, such as resveratrol, do not directly reduce the MTT (Fig. 2B) . On the contrary, vineatrol was able to directly reduce in a dose-dependent the MTT although at a lower level that vitamin C (Fig. 2B) . So, the MTT test could induce a pitfall to determine the antiproliferative effect of natural compounds such as polyphenols.
As we showed previously, when cultured in the presence of trans-resveratrol, SW480 colon carcinoma cells underwent apoptosis (Fig. 2C) . Indeed, cell staining with Hoechst 33342 demonstrated that Rs, Ra, R3A induce an increase in the nucleus size that preceded the appearance of characteristic apoptotic changes, i.e. the condensation and fragmentation of the nuclear chromatin (Fig. 2C ). This process was also observed with vinea that it is not the case with εV and εV5A (Fig. 2C) . By using trypan blue staining, we have evaluated the percentage of necrotic cells or apoptotic cells, relative to total cells and we observed a higher level of apoptotic cells with Rs, Ra, R3A and vinea (Fig. 2D ).
Alteration of cell cycle by polyphenols and vineatrol
In order to identify the phases of the cell cycle of SW480 cells, we conducted flow cytometric analyses in the presence of different polyphenols. As soon as 24h of treatment with Rs, Ra, and R3A marked modifications of the cell cycle were detected at 30 µM concentrations which are not cytotoxic (Fig. 3 ). They were characterized by an accumulation of the cells in the S phase increasing in a time-dependent manner. This gradual accumulation of the cells in the S phase (Fig. 3, Fig.4 ) showed an increase of +20 % after 24 h and reached +60 % after 72 h of treatment. At the opposite, εV and εV5A, did not lead to cell cycle modifications (Fig. 3, Fig.4 ) and we observed a normal level of cells in the different phases.
With vineatrol (Fig. 5) , we observed an increase in the S phase with Vinea5 after 24h of treatment which further increased in a time-and dose-dependent manner (Fig. 5, Fig. 6 ).
Colon cancer DNA synthesis inhibition
To precise the relationships between the accumulation of the cells in the S phase of the cell cycle and the DNA synthesis in SW480 cells, we measured the [ 3 H]-thymidine incorporation rate in colon cancer cells which are studied at a density permitting exponential proliferation (Fig. 7) . In this study, we do not correlate the cell proliferation inhibition with DNA synthesis because we measured the DNA synthesis after 24 h of treatment. Conversely to a decrease in DNA synthesis most often associated with an inhibition of cell proliferation, our results showed an increase in the [ 3 H]-thymidine incorporation per cells treated or not after 24, 48, and 72 h of treatment with Rs, Ra, R3A and vineatrol (Fig. 7) . These observations were in agreement with previous data obtained with hepatoblastoma HepG2 cells [24] and colon carcinoma SW480 cells after treatment with resveratrol [4] . In agreement with the cell cycle modifications, the most important [ 3 H]-thymidine incorporation per cells increase was found with Rs, Ra and R3A. The lack of effects of εV and εV5A confirmed that cell cycle and DNA synthesis were not affected by these compounds.
Discussion
Several epidemiological studies [1] revealed that resveratrol may be one of the main wine microcomponents responsible for the health benefits in the case of moderate wine consumption. The present study demonstrates that resveratrol analogues such as transresveratrol triacetate can be as much active that trans-resveratrol, and the oligomers such as ε- and increase bioavailability of natural compounds such as epigallocatechin-3-gallate [19, 26] or chemical drugs (e.g. declopramide) [27] . As well as this compounds, the acetylation of resveratrol could enhance its bioavailability and increase his antiproliferative effects in vivo.
So as to show that acetylation represents an interest to increase the bioavailability of transresveratrol and trans-resveratrol analogues, several studies in vivo will have to be realized to compare times of half life in the plasma, small intestine and colon, respectively. In addition to these studies, experiment on animal models of colon carcinogenesis will have to be realized to test the effect of the acetylated forms. In contrast to resveratrol and to its acetylated form, the compounds εV, and its acetylated form, εV5A, exhibit only modest antiproliferative activity and no modification of cell cycle. The nearly absence of εV activity on SW480 cells seems to be dependent of the cell type. Indeed, previous studies showed that εV was able to arrest leukaemia cell proliferation, to induce apoptosis, and a cell cycle modification [16] .
Moreover, it has been recently described that resveratrol oligomers isolated from seeds of Paeonia lactiflora Pall were capable to inhibit the growth of various cancer cells in a dosedependent manner [17] . It should be of interest to compare the activities of ε-viniferin with α-viniferin since its glucosides forms are able to inhibit DNA topoisomerase II [18] . However, the differential sensitivity observed with the MTT test commonly used to measure cytotoxic and/or antiproliferative effects could be due to a pitfall. Indeed, in SW480 cells, we observed that R3A, vineatrol preparation less than εV and εV5A can induce an increase of the MTTreducing activity. These observations were very important since the MTT test can mask antiproliferative activities and could be a possible pitfall in cell sensitivity determination. Its appears that vineatrol alone is able to reduce directly the yellow tetrazolium leading to an increase of MTT-reducing activity, contrary to εV and εV5A. In genistein-treated cells, it was suggested that this increase of MTT-reducing activity could be due to an increase of the cell volume and of the number of mitochondria [28] . Similarly, resveratrol and R3A induce an increase in cell volume (data not shown) and also induce an accumulation of SW480 cells in S phase. Bernhard et al. [20] suggested that this phenomenon was associated with the differentiation process. This hypothesis is supported by the ability of resveratrol to induce differentiation of colon carcinoma cells via nuclear receptor [29] . However, it was not the case with εV and its acetylated form which have no effect the cell volume and differentiation, At the concentrations inducing growth inhibition and cell cycle arrest in colon carcinoma cells, polyphenols compounds did not impair the viability of human normal peripheral blood mononuclear cells (PBMC) and much higher concentrations were required to induce a cytotoxic effect in these cells [10] .
So, additional studies are now in progress to address the mechanisms by which vineatrol influences the cell cycle arrest and to define whether it modulates specific cyclins or Cyclindependent kinases involved in cell cycle progression. 
